The collective immunohistochemical expression of human lysozyme, human alpha-1 -antitrypsin, human CD3 antigen, calf vimentin, human keratins, human lambda light chains, canine immunoglobulins IgG, IgM, and bovine protein S-100 has been analyzed on formalin-fixed, paraffin-embedded tissue sections of 25 spontaneous canine transmissible venereal tumors (CTVT) from both genital and extragenital locations using the avidin-biotin-peroxidase complex technique. Lysozyme immunoreactivity was detected in 10/25 CTVT, alpha-1-antitrypsin in 14/25 CTVT, and vimentin in 25/25 CTVT. All CTVT cells were negative to keratins 5 + 8 of the Moll catalogue (RCK-102), S-100 protein, lambda light-chain immunoglobulins, IgG, IgM, and CD3 antigen. The intratumoral T-and B-lymphocyte infiltrate was differentiated using CD3 antigen, lambda light-chain immunoglobulins, IgG, and IgM, and this technique could be useful to evaluate the regressive or progressive growth stage of venereal tumors. Our findings support the hypothesis of a histiocytic immunophenotype for CTVT, and these staining techniques could be used in the differential diagnosis with lymphomas.
the CTVT have been made so far23,43 and the cell origin and immunophenotype remain Spontaneous regression of CTVT may occur, and recovered dogs can acquire humoral and cellular immunity, which prevents subsequent t~m o r s .~,~~ Some authors have found a significant increase of T lymphocytes infiltrating the tumor masses of spontaneous regressive CTVT. 1, 29, 45 These lymphocytes were identified using anti-thymocyte sera in frozen samples, but they have not been previously studied in formalinfixed, paraffin-embedded tissue sections.
Immunohistochemical staining of normal and neoplastic canine tissues with comercially available antibodies directed against human antigens, such as ly-s~z y m e ,~~ alpha-1 -antitrypsin (AAT),43 keratins, l 4 lambda light-chain immunoglobulin^,^^ and CD3,lgJ9 indicates that these antibodies can be used for a more accurate diagnosis and classification of some canine tumors. Anti-bovine S-100 p r~t e i n~l .~~ and anti-calf vimentin4 sera have also shown cross-reactivity with canine tissues.
The purpose of this work was to analyze the immunohistochemical distribution pattern of lysozyme, AAT, CD3 antigen, lambda light chains, immunoglobulins IgG and IgM, vimentin, keratins, and S-100 protein in formalin-fixed tissue samples of spontane- 
Materials and Methods

Tissue samples
Twenty-five samples of CTVT, fixed in 10% buffered formalin and embedded in paraffin, were selected for this immunocytochemical study. In 18 dogs (ten females, eight males), the tumors were located in the external genital mucosa. In seven dogs, the tumors had an extragenital location (five in nasal mucosa, one in the skin, one in the inguinal superficial lymph node). Six of these seven dogs had no evidence of genital lesions, whereas the tumor of the inguinal lymph node was a metastasis from a genital CTVT. All tumors were diagnosed as CTVT after clinical and histopathologic evaluation. Ten canine cutaneous benign histiocytomas and ten lymphomas (seven lymphoblastic lymphomas: three cutaneous and four multicentric; three lymphocytic lymphomas: two multicentric and one cutaneous) were used as round cell tumor controls for differential immunohistochemical diagnosis. Three canine normal lymph nodes were employed as positive controls. All the neoplasms studied were obtained from the Histopathologic Diagnosis Service of Veterinary Faculty of Cbrdoba, Andalucia. * Plasma cells, lymphoid cells, and macrophages. positive cells; + = less than 30% of positive cells; -= negative.
Immunohistochemical techniques
The avidin-biotin-peroxidase complex (ABC) methodz2 was used for the immunohistochemical study. Tissue sections (3 pm thick) were deparaffinized and rehydrated. Endogenous peroxide activity was expended by incubation of the sections with 0.3% hydrogen peroxidase in methanol for 30 minutes at room temperature. After two 5-minute rinses with phosphate-buffered saline (PBS), tissue sections to be evaluated for detection ofhuman AAT were incubated in 0.25% trypsin (Fluka Chemie AG, Switzerland) with 0.1% CaCl,, pH 7.6, for 30 minutes at 37 C. Sections used for detection of human lysozyme, human keratins ( 5 and 8 of the Moll catalogueg0), human CD3 antigen, and canine immunoglobulins IgG and IgM were incubated with 0.1% pronase (Sigma Chemical Co., St. Louis, MO) for 10 minutes at room temperature. After three 10-minute rinses in PBS, all tissue sections were incubated with 1% normal goat serum for 30 minutes at room temperature.
Primary antibodies used in this study and their specific dilutions are summarized in Table 1 . All antibodies except the anti-keratin were polyclonal.
The antibodies raised against human antigens have been screened previously in canine normal and neoplastic tiss u e~.~,~~~~~~~~~~~.~~ Primary antibodies were diluted in PBS with 0.1% normal goat serum and were incubated overnight at 4 C. After incubation, the slides were rinsed three times with PBS for 5 minutes, and a biotinylated goat anti-rabbit immunoglobulin G (Vector Laboratories, Burlingame, CA) was applied for 30 minutes at room temperature as the secondary reagent. For monoclonal anti-keratin antibody, a biotinylated anti-mouse immunoglobulin G (Dako, Glostrup, Denmark) was applied for 30 minutes at room temperature. After two 5-minute rinses with PBS, tissue sections were incubated with the ABC complex (Vector Laboratories) diluted 1 : 50 in PBS for 1 hour at room temperature. All tissue sections were rinsed three times with Tris-buffer saline (TBS), incubated with the chromogen 3-3'-diaminobenzidine tetrahydrochloride (Sigma) diluted 0.035% in TBS for 1 minute, rinsed in tap water, and counterstained with Mayer's hematoxylin. The specific primary antibodies were replaced with PBS or normal goat serum in tissue sections used as negative controls.
Results
The 25 CTVTs studied consisted of solid masses of neoplastic cells arranged in a diffuse pattern and supported by thin trabeculae of fibrovascular tissue. Tumor cells were large and round, or polyhedral. They had large, round vesicular nuclei with a single prominent nucleolus. The cytoplasm was slightly granular, vacuolated, and eosinophilic with indistinct borders. Mitotic figures were frequent. The degree of intratumoral penvascular infiltration by mature lymphocytes, plasma cells, and macrophages was quite variable. Tumor cells did not show metachromasia with Giemsa and toluidine blue stains. Many tumors were associated with ulceration of the mucosa and secondary inflammation. The histopathologic characteristics of lymphomas were similar to those described previously; 2~1 9 seven tumors were diagnosed as lymphoblastic type (three were located in skin, four were multicentric), and three tumors were diagnosed as lymphocytic type (two multicentric, one cutaneous). Cutaneous histiocytomas showed the typical histopathologic pattern of benign histiocytoma.
The results of the immunocytochemical study are summarized in Tables 2 and 3. Ten out of the 25 CTVT analyzed showed an immunoreactivity pattern for lysozyme in the cytoplasm of tumor cells (Fig. 1) . The number of positive cells and the intensity of staining were variable. Individual cells in the same tumor usually showed marked differences in the intensity of the immunostaining. Additionally, infiltrating macrophages and some neutrophils showed an intense immunoreactivity to lysozyme antibody that served as an internal positive control. Five of the 10 histiocytomas analyzed were positive for lysozyme, but all the lymphomas were negative.
Immunoreactivity to AAT was observed in 14 of the 25 CTVT studied. The number and intensity of positive cells were quite variable among individual cells within a single tumor and among different tumors, as it was for lysozyme ( Fig. 2; Table 2 ). Infiltrating macrophages usually showed intense immunoreactivity.
Five histiocytomas expressed AAT, but all the lymphomas analyzed were negative.
Immunoreactivity to vimentin was intense in the cytoplasm of >90% of tumor cells of all CTVT and histiocytomas analyzed (Fig. 3) . Nine lymphomas did not express vimentin. All CTVT and control tumors were negative for keratin (RCK 102) antibody. Squamous epithelium and apocrine glands were strongly immunoreactive with this antibody, and they served as internal positive controls. All tumors studied were negative for S-100 protein.
Immunostaining for canine immunoglobulins IgG and IgM was observed in tumor cells of three lymphomas and in a variable number of plasma cells and macrophages infiltrating the CTVT masses. The intensity of the immunostaining in these cells was quite variable. In seven CTVT, immunoreactivity to these antibodies was also detected on the surface of some tumor cells that had no immunostaining within the cytoplasm. Immunoreactivity for lambda light chains of immunoglobulins was detected in the cytoplasm of some intratumoral lymphocytes, plasma cells, and macrophages ( Fig. 4) and in tumor cells of three lymphomas. In eight CTVT, immunostaining for lambda light chains was also observed in the cytoplasmic periphery of some groups of cells but not within the cytoplasm (Fig. 4) .
Immunoreactivity to CD3 antigen was detected in tumor cells of seven lymphoblastic lymphomas that did not react with anti-immunoglobulin sera. Although all CTVT cells were negative for CD3, a variable number of mature lymphocytes infiltrating the CTVT expressed this antigen (Fig. 5) . There was some variation in the staining pattern of the lymphocytic infiltrate; although most of the infiltrating lymphocytes were CD3 positive in some tumors, they were only weakly CD3 positive in others. Immunostaining for CD3 antigen was mainly observed in lymphocytes located in paracortical and medullary cords of control canine lymph nodes.
Discussion
Routinely processed tissue samples of spontaneous CTVT have shown a variable pattern of immunostaining for lysozyme and AAT. Lysozyme and AAT have been considered good markers for benign and malignant histiocytes in human^.^^.^^ In dogs, the immunoreactivity to lysozyme has been variable in different histiocytic neoplastic cells. One researcher detected lysozyme in 95% of malignant histiocytoses and 59% of hi~tiocytomas,~' whereas others found lysozyme immunostaining in 18% of h i s t i o c y t~m a s .~~ However, AAT was not considered a reliable marker for histiocytomas in the dog because only 32% of cases were positive.43 The heterogeneous immunoreactivity for lysozyme observed among tumors and individual cells in the same neoplasm has been related to the degree of cytoplasmic differentiation of neoplastic cells,31 with poorly differentiated cells often being devoid of 1ysozyme31,32,42,43 and well-differentiated tumor cells containing it.32 In our work, this pattern of heterogenous immunostaining among individual tumor cells was also observed both for lysozyme and AAT, and it could be attributed to the loss of both antigens during CTVT cell proliferation because immunoreactive histiocytes, which were used as internal controls, were often seen infiltrating unreactive tumor masses. The expression of lysozyme and AAT by 40% and 56% of the CTVT analyzed, respectively, confirms that both markers can be applied in CTVT, and in a high number of cases they can be useful for differential diagnosis because their expression excluded lymphomas, amelanotic melanomas, poorly differentiated carcinomas, and poorly differentiated mast cell t~m o r s .~~~~~ Because we did not find a significant difference between the immunophenotype of histiocytomas and CTVT, the differential diagnosis should be based on clinical and histopathologic criteria.
Despite numerous structural and ultrastructural studies in both spontaneous and experimental CTVT, the cellular origin of CTVT remains ~n c e r t a i n .~~ It has been described as a tumor of lymphocytesI3 and mature reticuloendothelial cells.* However, some authors have referred to it as similar to a histiocytic tumor44 or as a sarcoma of round cells because the structural and ultrastructural features of CTVT cells did not clarify the cell of origin. 12~L7,39,46 The expression of lysozyme and AAT by some CTVT cells suggests a histiocytic origin of this neoplasm because these antigens are not expressed by other mesenchymal round cell tumors except those of histiocytic origin. 38 The reactivity of CD3 polyclonal antiserum (pan-T) has been detected in T lymphocytes of formalin-fixed, paraffin-embedded canine normal tissuesL8 and has been used as a pan-T marker for canine lymphoma^.'^ However, surface immunoglobulins G and M and lambda light chains have been used as markers for B l y m p h o~y t e s~~,~~ and B-cell l y r n p h o m a~.~.~~ In this work, CTVT cells did not express intracytoplasmic CD3 antigen, IgG, IgM, or lambda light chains. Hence, these antibodies are useful for differentiating CTVT from lymphomas. Moreover, immunostaining with CD3 polyclonal antibody was observed in numerous mature lymphocytes infiltrating the CTVT. There was variation in the staining pattern of the lymphocytic infiltrate; in some cases, most of the infiltrating lymphocytes were CD3 positive, whereas in other cases, despite having abundant infiltrating lymphocytes, they were only weakly CD3 positive. The mononuclear cell infiltration into CTVT is not always a measure of the host immune response,46 but in experimental studies, some authors have found a significant increase of B lymphocytes in progressive CTVT," whereas a significant increase of T-lymphocytes was found infiltrating regressive CTVT. 11, 29, 45 In this way, the immunostaining of T lymphocytes with the polyclonal anti-CD3 antibody in routine tissue sections facilitates the identification and quantitation of T lymphocytes, and anti-CD3 antibody could be useful to evaluate the progressive or regressive growth stage of the tumor. In our work, CTVT that had abundant infiltrating CD3-positive lymphocytes also showed an intense immunoreactivity for IgG, IgM, and lambda light chains in resident plasma cells. In addition, in seven tumors, IgG and IgM were detected on the cytoplasmic surface of tumor cells, and in eight tumors, lambda light chains were observed on the surface of isolated tumor cells. These findings could be interpreted as evidence of the local humoral immune response developed against CTVT.16 The biological behavior of the CTVT is quite variable and depends on the host immune response.32,45,47 However, this tumor responds well to chem~therapy.~J~ Treatment could be more properly selected if the tumor growth stage is evaluated by intratumoral B and T lymphocyte quantitation. However, in our retrospective study we could not evaluate the stage of growth of the CTVT.
All the CTVT of our series were vimentin positive and keratin negative. These results are in agreement with those of previous s t~d i e s .~~,~~ Because vimentin was not expressed by nine of the 10 lymphomas, this antibody can be used to make a differential diagnosis between extragenital CTVT and some types of lymphomas. The combined use of both the keratin and vimentin antisera is useful to make a differential diagnosis between extragenital CTVT and poorly differentiated carcinomas. None of the CTVT analyzed expressed S-100 protein; this antibody can be used to differentiate extragenital CTVT from amelanotic melanomas, which often express S-100 p r~t e i n .~~,~~ Despite CTVT being a well-known contagious neoplasm located mainly in external genital m u~o s a e ,~~ spontaneous extragenital CTVT without genital lesions have been found.1,5,L7,20,2L,28,36,37,46 In these cases, it is usually difficult to make a differential diagnosis with other canine round cell ~u~o~s .~~J~,~~,~~
The combined use of a proper panel of antibodies in conjunction with light microscopy can be helpful to make a diagnosis of extragenital CTVT.
In conclusion, the expression of lysozyme and AAT by CTVT supports the hypothesis that some of these round cell neoplasms are of histiocytic origin, but these markers are not reliable for all CTVT. Furthermore, our results indicate that CD3 antiserum may be useful to demonstrate and quantify T lymphocytes in studies of the regressive or progressive growth stage of CTVT.
